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Introduction 46
Syringomyelia is a neurological disorder commonly affecting Cavalier King Charles Spaniels (CKCSs) 47 last two years. Dogs that were known to have other medical conditions causing neurological signs, 148 scratching or pain were excluded, as were dogs with grade III or greater mitral valve disease. It was 149 not possible to exclude dogs with medication (e.g. NSAIDs, corticosteroids, opioid or gabapentin 150 analgesics), since medical treatment is commonly initiated as soon as signs of syringomyelia become 151 apparent. Neither was it possible to withhold medication during the study, as this may exacerbate 152 the dogs' pain or discomfort and thus would be ethically unacceptable. 153 Dogs were diagnosed with syringomyelia (SM) if their MRI results revealed a fluid-filled cavity 154 (syrinx) within the spinal cord parenchyma with an internal transverse diameter greater than or 155 equal to 2mm. Of the 27 dogs recruited, 11 were diagnosed with syringomyelia and 16 were free 156 from syringomyelia. 11 dogs (7 diagnosed with SM on MRI and 4 diagnosed as free from SM) were 157 on medication, and 16 (4 diagnosed with SM and 12 diagnosed as free from SM) were not taking 158 medication. This discrepancy is probably because dogs may be put on medication due to behavioural 159 signs of SM rather than following MRI, and around a quarter of dogs that display clinical signs of SM 160 have no signs of a syrinx on MRI (Loderstedt et al., 2011) . 161
Signalment data (e.g. age, sex, medication) and scratching scores as recorded on a Visual Analogue 162 Scale (VAS) by owners, were collected via questionnaire prior to visiting the dog at its home. Data 163 were collected in owners' homes by AC and veterinary student Audrey Dupont in the following 164 order: eye temperature recording, judgement bias testing, reward loss sensitivity testing, and jump 165 up/jump down latency. 166 167
Scratching score 168
Owners were given instructions on completing VAS assessments and shown an example. Owners 169 were then asked "Please indicate the extent to which your dog scratches its shoulder, neck or face:" 170 upon a 100mm line between "Never" on the left and "Very frequently" on the right. The positionmarked by the owner was measured in millimetres from the leftmost point and was expressed as a 172 visual analogue score (VAS) between 0 ("Never") and 100 ("Very frequently"). 173 174
Eye temperature recording 175
Eye temperature was recorded by taking a thermal image of the dog at an emissivity of 0.96 from 50 176 centimetres away. An audible toy was used to attract the dog's attention to the camera. When the 177 dog was standing straight, facing the camera and in focus a thermal image was taken and maximum 178 temperature of the eye found using ThermaCAM reporter 2000 Professional software. 179 180
Judgement bias test 181
To measure cognitive bias the equipment was assembled as in Fig. 1 . Five pre-determined locations, 182 4m in front of the dog's fixed starting location were marked on the floor, or the maximum possible 183 arena size in smaller rooms. The baited positive (P) and un-baited negative (N) location were 184 randomly assigned such that P could be on the left or right of the dog and N in the other position. 185
The methodology was identical to that reported by Mendl et al. (2010b) . Dogs were held behind a 186 barrier by an experimenter (AD) while a food bowl was baited with three small pieces of food 187 (Cheddar cheese), or not baited. The bowl was placed at N (if not baited) or P (if baited) and the 188 barrier lifted to release the dog (Fig. 1) . The latency to reach the bowl was recorded (capped at 30 189 seconds). 190
During the training phase, the first four trials were 2 positive (P) followed by 2 negative (N) trials. 
Sensitivity to reward loss test 208
Using the same arena setup as the cognitive bias task, the bowl at P was then baited with a single 209 small piece of food that was one quarter of the size of the initial pieces used (i.e. one twelfth of the 210 initial quantity). Twelve consecutive trials were run to location P as previously, and trials were 211 stopped if the dog did not go to the bowl on 3 successive trials. Following the test, a final trial was 212 carried out in which an unbaited 'false positive' bowl was presented at the positive location, in order 213 to assess whether the dog was using olfactory cues to discriminate between baited and unbaited 214 bowls. This was done by comparing the latency to the unbaited bowl with the average latency to the 215 baited bowl at P during the judgement bias task. 216 217
Jump up/jump down test 218
To record jump-up latency, a 60cm (length) x 60cm (width) x 30cm (height) pouffe footstool was 219 placed on the floor 1m away from the dog. A piece of food was dropped into a bowl on top of the 220 footstool and the dog was then released to allow it to jump up on to the stool and consume the 221 food. The dog was allowed a maximum of 20 seconds to retrieve the food, and its latency to do so 222 was recorded. An average latency was calculated over 3 repeats of this test. The technique was 223 then repeated to assess jump-down latency. The dog placed on the footstool and the baited bowl on 224 the floor 1m away, and the latency for the dog to jump down from the footstool to reach the bowl 225 was recorded over 3 repeats of the test. 226 227
Data preparation and statistical analysis 228
For the judgement bias test, latencies (seconds) to each probe location were calculated and 229 averaged across the two repeats per location. Mean latencies to the P and N locations were 230 calculated from the 3 trials preceding, and all trials during, the testing phase. Dogs had different 231 baseline running speeds to the positive and negative bowl and some arena sizes were slightly 232 smaller than standard (4m by 3m) due to limitations of testing in the owner's home. To control for 233 this when comparing SM and SM-free dogs, an adjusted latency (ia) was calculated to give a score for 234 each probe (ambiguous) trial relative to each dog's average speed to the baited (P) and unbaited (N) 235 bowls, using the formula: 236 ia = ((i-p)/(n-p)) * 100 237
Where 'p' is the mean latency to the positive bowl, 'n' is mean latency to the negative bowl and 'i' 238 the absolute latency to the intermediate bowl on that trial. 239
240
During the reward-loss sensitivity task, for trials on which the bowl was not visited and trials that 241 were stopped before 12 trials were complete, the latency to reach each bowl was coded as 30s (themaximum time given to dogs to approach the bowl). Each dog's mean latency to the P location, 243 calculated as described above, was subtracted from its latency to the bowl on each trial as a 244 measure of the increase in approach latency relative to baseline. were female (67%; 5 with SM and 9 without SM) and seven dogs were male (33%; 3 with SM and 4 260 without SM). The mean age of dogs that completed the judgement bias task was 65 ± 9.5 months 261 There was no significant effect of location on adjusted latency to reach the bowl (F2,34=1.395, 289 p=0.262) and no significant interactions with bowl location (p>0.05). There were significant effects of 290 SM diagnosis (F1,17=5.201, p=0.036) and scratching score (F1,17=6.098, p=0.02) with SM dogs (Fig. 4a) and dogs who scratched less (Fig. 4b ) being slower to move to the ambiguous locations. Fig 4b  292 indicates that this latter relationship was stronger in SM dogs than SM-free dogs, although this was 293 not significant (scratching score * SM diagnosis interaction (F1,17=1.107, p=0.307)). 294 295
Reward loss sensitivity test 296
Food reward was reduced from 3 pieces of cheese to 0.25 pieces on trial 1, and for all subsequent 297 trials. Testing was stopped for four dogs (2 with SM: stopped after trials 9,11; 2 without SM: stopped 298 after trials 6,10) who failed to visit the bowl on 3 consecutive trials. There was no difference 299 between SM diagnosis groups in the number of trials completed (U= 48, z=-0.422, p=0.804). Latency 300 to approach the bowl relative to baseline (mean latency to the P location) was strongly affected by 301 trial (Friedman test: X 2 =79.42, n=21, p<0.001) indicating a decrease in speed to move to the bowl 302 across trials, especially between the first 3 and later trials (Fig. 5) . To minimise multiple comparisons 303 of the effects of diagnosis on relative increase in latency to the bowl, data for each individual were 304 averaged across blocks of trials (1-3, 4-6, 7-9, 10-12). There were no significant differences in 305 increase in latency between SM and SM-free dogs, or between medicated and non-medicated dogs, 306 during any trial block (Mann-Whitney U-tests, p>0.05 for all). 307 308
Tests of the use of olfaction to detect the food reward 309
There was no significant difference between latencies to reach the positive and false positive bowls 310 (Wilcoxon test Z=-0.608, n=21, p=0.543). The latency to reach the false negative bowl (median 30 311 (IQR 20.05-30)) was actually greater than that to reach the negative bowl (median 20.65 (IQR 15.13-312 27.81), Z=-2.133, n=21, p=0.033), indicating that dogs were not using olfactory stimuli to detect and 313 preferentially approach when food was present. 314 315
Syrinx size 316
For dogs with SM, mean syrinx size was 4.20 ± 0.97mm (n=5; exact syrinx size was unknown for 317 three dogs diagnosed with SM following MRI). Syrinx size was not significantly correlated with VAS 318 scratching score (ϱ=-0.5, N=5, p=0.391) or with the mean adjusted latency to all 3 probe locations in 319 the judgement bias task (ϱ=-3.59, N=5, p=0.553). Dogs without SM all had a syrinx size of 0mm and 320
were not included in these analyses. 321 322
Eye temperature 323
A t-test revealed no significant difference in eye temperature (t(19) = 0.122, p=0.904) between dogs 324 with SM (34.69±0.262°C) and dogs without SM (34.73±0.256°C). Furthermore, there was no 325 significant correlation between eye temperature and mean adjusted latency to all 3 probe locations 326 in the judgement bias task (r=-0.118, N=21, p=0.611). 327 328
Jump up/jump down test 329
There were no significant differences between diagnosis groups in the mean latencies Another possibility is that much of the scratching reported by owners was phantom scratching and 365 that this is not directly related to pain. Phantom scratching has been shown to be associated with 366 MRI findings of a large syrinx extending into the mid cervical superficial dorsal horn. The action is 367 very similar to fictive scratching which occurs in animals with severed spinal cords (Sherrington 368 1906) and it is hypothesised that it is not a behavioural response to a perceived discomfort but due 369 to damage to a population of spinal cells which influence the lumbosacral central pattern generator 370 (Nalborcyk et al. 2017). The possibility that the VAS scratching score primarily reflected phantom 371 scratching could explain why dogs who had a higher score did not also show a negative judgement 372 bias, but not why they showed a more positive judgement bias. Since the scratching score used in 373 this study did not allow discrimination between phantom scratching and scratching in which the dog 374 makes contact with the body, it was not possible to investigate this possibility further. 375
In the reward loss sensitivity test, dogs increased their latency to move to the positive bowl location 376 after the available reward had been decreased to a quarter of its previous size. In the absence of an 377 appropriate control group, it is not possible to determine whether they also showed a successive 378 Reward loss sensitivity test. Box-plots show medians, quartiles and ranges. Data points are indicated 631 if they are greater than 1.5 (circle) or 3 (asterisk) inter-quartile ranges away from the upper or lower 632 quartile. Pairwise Dunn-Bonferroni test significant differences (p<0.05 for all) were found between 633 trials that do not share any of the same letter superscripts.
